(i) Formaldehyde, added to the food medium of Drosophila melanogaster larvae, was investigated as a mutagenic agent.
(ii) The recessive lethal mutation frequency on chromosome II was found to be approximately twice that on chromosome X.
(iii) Formaldehyde was much more mutagenic in a food medium fortified with dead yeast than in unfortified medium.
(iv) Increased formaldehyde concentration increased the lethal mutation frequency.
(v) Fortified formaldehyde medium retained its mutagenicity for some days under conditions of larval working, the actual period depending on the formaldehyde concentration.
(vi) Intensity of larval working over the range investigated had no significant effect on the mutagenicity.
(vii) Increased developmental time did not increase mutation rate.
(viii) The variation in mutagenic response obtained between different mating periods can be explained in terms of a stage (or stages) in spermatogenesis which is preferentially or exclusively sensitive to the action of formaldehyde, coupled with factors that vary the quantity or activity of mutagen reaching the chromosomes during the sensitive stage or both.
I. INTRODUCTION Rapoport (1946) found that formalin added to the food medium of Drosophila melanogaster induced a high frequency of sex-linked recessive lethal mutations. The mutagenicity and mode of action of formaldehyde have since been investigated extensively by Auerbach (1949a Auerbach ( , 1949b Auerbach ( , 1951a Auerbach ( , 1951b Auerbach ( , 1952 Auerbach ( , 1953 , Moser (1953a, 1953b) , and Herskowitz (1950 and Herskowitz ( , 1953 and Herskowitz ( , 1954 and Herskowitz ( , 1955 . The experiments described here compared the mutagenic response of chromosomes X and II to formaldehyde, and examined the effects of formaldehyde concentration, larval nutrition, and larval working of the food medium on its mutagenic efficiency.
II. CULTURE METHODS AND TECHNIQUES
Treatment of female larvae of D. melanogaster with formaldehyde has so far failed to induce mutations (Herskowitz 1950; Auerbach 1951a Auerbach , 1951b , so tests for recessive lethals in these experiments were done on chromosomes from treated males.
Wild-type flies (Oregon-R-C stock) from population cages were used. The population cages and all cultures were maintained at 25±1 °c, except when removed from the constant temperature room for short periods for mating and inspection. Flies in the population cages and in some of the experimental work were maintained on dead yeast fortified medium. All cultures were seeded with live yeast. Formaldehyde medium was prepared immediately before use, the measured amount of C.P. formaldehyde being thoroughly stirred in when the boiled medium cooled to about 60°C. The amount added was calculated to give the required formaldehyde concentration as volume percentage of the liquid medium.
The frequency of recessive lethal mutations was used as an index of mutation rate. The Muller-5 tester stock (Spencer and Stern 1948) was used to detect X-chromosome lethals. F 2 vial cultures were scored as lethals when no wild-type males were present. Vials with less than 20 flies or 10 males were discarded from the score. The CyL4jPm tester stock (Wallace 1951 ) was used to detect the second chromosome lethals. F3 vial cultures were scored as lethals when no wild-type flies were present. Vials with less than 20 flies were discarded from the score.
III. EXPERIMENTAL PROCEDURE (a) Comparison of the Mutagenic Effects of Formaldehyde on Chromosomes X and II
(Experiment 1) Since mutation rate varies with age of male (Muller 1945) this variate was taken into account in designing this experiment to test the effect of formaldehyde on chromosome X and II. The design of the experiment can be seen in Table 1 which shows the results.
(i) Methods.-The second chromosomes were cleaned using the mating system for detecting second chromosome lethals. Wild-type males selected at random from a population cage were mated to CyL4jPm virgin females in 10 culture bottles: five males and 10 females per bottle. When the F1 generation had been emerging for 2 days, five CyL4j + males we:t;'e taken at random from each bottle and individually mated in vials to three or four virgin CyL4jPm females. This ensured that a representative sample of genotypes was taken and that sufficient lethal-free lines would be available in the F 3 generation after those lines carrying lethals were discarded. The F 2 progeny were collected every 12 hr to obtain virgin CyL4j + females, which were mated to similar males from the same vial, with a minimum of two males and two females in each mating. The progeny of this mating were homozygous for a wild-type second chromosome which came from the single Cy L4j + male mated from the Fl. Of these matings, 27 were made on fortified formaldehyde medium, and 34 on normal fortified medium. The homozygous, normal, male F3 progeny carried lethals, arising only in this generation, which were detected in the tests described below. The F3 flies were allowed to emerge for 12 hr and the vials then inspected. Those containing several wild-type flies were emptied. Any showing no wild-type flies were left for a further 48 hr and then scored for lethality. Of the 61 F 2 matings, 12 showed no wild-type flies in the F3 progeny. That is, 20 per cent. of the tested chromosomes were lethal. This gives an indication of the percentage of lethal-bearing second chromosomes in the Oregon-R-C stock from the population cage. From the vials that were emptied, wild-type males (lethal-free for X, and II, but containing lethal-bearing chromosomes ---- II  1  0  99  0  10  67  15·0  2  0  85  0  9  63  14·3   --------------Days 5-8   X   1  0  125  0  1  65  1·6  2  0  124  0  0  68  0   ----II  1  0  101  0  3  64  4·7  2  0  101  0  9  73  12·3   Days 9-12   X   1  0  125  0  0  68  0  2  0  131  0  0  68  0   ----II  1  0  114  0  4  60  6·7  2  0  101  0  4  64  6·3 --------- in their gonads) were collected 12 hr later and stored for 12 hr. Every 12 hr subsequently for 4 days, males were collected and stored for 12 hr before mating. Eightyfour males were obtained from the control series and 66 from the formaldehyde series. All ensuing matings for the actual tests were done on normal fortified medium. One-half of each of the above male groups was mated to CyL4jPm virgin females and the other half to Muller-5 virgin females. Mating intensity was three males and six females per bottle. This procedure ensured a comparable genetic and environmental background for both the X-and second chromosomes. At the end of 4 days, all flies were removed from the bottles, females were discarded, and the males were mated to a new lot of virgins in fresh bottles. This mating procedure was repeated twice more, giving four 4-day mating periods. Thus each male's sperm was sampled through the whole experiment. All females were stored for 3 days after collection, so that their virginity was checked before mating to the males to be tested. The broods from each of the above four mating periods were followed through the appropriate test crosses for detection of recessive lethal mutations (see Fig. 1 ). (ii) Results.
SAMPLE OF + MALES
-The numbers of chromosomes tested and the percentage lethal mutations obtained are shown in Table 1 . The results demonstrate the mutagenic effectiveness of formaldehyde, particularly in the first mating period for chromosome X, and in the first, second, and third periods for chromosome II. This difference between the chromosomes in the apparent duration of their response is important. Analysis of variance showed that replications are not significantly different, and that the difference in induced mutation rates between chromosomes X and II is highly
It is generally accl'lpted that there are about twice as many genetic loci in the second as in the X-chromosome. It might be expected then that the difference in mutagenic response between these chromosomes would be a function of this difference. Auerbach and Moser (1953a) , also testing for formaldehyde-induced mutations on chromosomes X and II, tested greater numbers than in experiment I here. Their results (see Table 2 ) show about twice as many lethal mutations on the second as on the X-chromosome. Assuming approximately the same percentage of genetic loci on both chromosomes could mutate to lethals (Ives 1945) , then the formaldehydeinduced lethal mutation rate is the same per locus for both.
This conflicts with previously-reported comparisons of mutation rates on the X-chromosome and the autosomes. Ives, using temperature shock (1945) , or using the mutator gene high (hi) (1950) , and Alexander (1954) using X-rays both found mutation rates per locus to be about four times as high in the autosomes as in the X-chromosome. This could be an evolutionary effect. D. melanogaster would have been subjected to temperature shock, mutator genes, and natural radiation, and males whose X-chromosomes carried lethals induced by these agencies would be lost at each generation. The X-chromosome thus would be expected to be less sensitive to these mutagenic agencies than would the autosomes. On the other hand, the X-chromosome may be no less sensitive to formaldehyde than the autosomes, as the species probably is not exposed to this mutagen in wild populations.
(b) Effect oj Larval Nutrition on the Mutagenic Efficiency oj Formaldehyde (Experiment 2)
Rendel and Robertson (unpublished data) found X-chromosome lethal mutation rates of 2-3 per cent. on unfortified formaldehyde medium,· and 6-8 per cent. on dead yeast fortified medium.
(i) Methods.-Sex-linked lethals were used in this and subsequent experiments as an index of mutation rate. The mutation rates on unfortified and dead yeast fortified media were compared at two formaldehyde concentrations-O'l and 0·05 per cent. Wild-type flies were mated for 48 hr on the formaldehyde medium. Lethals were tested for in the first 4 days' sperm from treated males. Table 3 . At both concentrations, there were striking differences in the frequency of lethal mutations between fortified and unfortified media. There were no differences in the rates with different strengths of formaldehyde except possibly an increase on unfortified medium when the dose was decreased.
(c) Effect oj Larval Working oj Formaldehyde Medium on Its Mutagenic Efficiency
(Experiment 3) Auerbach (1953) , Moser (1953a), and Herskowitz (1954) expected the mutagenic effectiveness of formaldehyde medium to be zero after 24 hr working by larvae. However, this effective period may be longer on fortified medium. In this preliminary experiment, the effect of 4 days working was tested, the length of the larval stage being approximately 4 days.
(i) Methods.-Four female and two male ebony (ell) flies were mated in each of 10 bottles for 48 hr and then removed. Forty-eight hr later, four female and two male wild-type flies were mated in each bottle for 48 hr. Thus the medium had been "worked" for 4 days prior to the mating of the wild-type flies. The "period of preworking" is defined as that time interval from the mating of the ell flies to the mating of the wild-type flies whose progeny are tested for lethal chromosomes. This is not the true period oflarval working, but it is a convenient index. Wild-type males emerging from the fortified medium were collected at 12 hr intervals and stored for 12 hr before being mated to the Muller-5 tester stock. Those emerging in the first 36 hr (series A) and the last 48 hr (series B) were used to test for lethal-bearing X-chromosomes. Four 2-day mating periods of the males were tested, and, so that results could be compared approximately with those of experiment I, a mating intensity of one female per male was used (Lamy 1947) . The same technique as in experiment I was used to obtain the four sequential mating periods.
(ii) Results.-The results are tabulated in Table 4 . Table 5 shows the comparison between the lethal mutation frequency produced by 0·1 per cent. formaldehyde on worked and unworked fortified medium. The results from Table 4 were converted to 4-day mating periods for comparison with the data of experiment I. This comparison demonstrates that 4 days preworking of fortified 0·1 per cent. formaldehyde medium did not reduce its mutagenic efficiency.
(d) Experiment 4
Formaldehyde may be held in the medium in labile combination with some food constituent. More intense working of the medium might break up this combination more rapidly. Increased time of preworking with the same working intensity also may decrease the expected mutagenic response. It is possible that there are interactions between these factors and the formaldehyde concentration.
This experiment was designed and carried out by one of us (J.S.F.B.) to investigate the effect of the following three factors on the mutagenicity of the formaldehyde medium: (I) number of larvae working the medium, i.e. intensity of preworking; (2) time of preworking; (3) formaldehyde concentration.
Different preworking intensities were obtained by allowing different numbers of ell females to oviposit on the formaldehyde medium. Three formaldehyde concentrations were used, viz. 0'1, 0·05, and 0·025 per cent. Within each formaldehyde concentration, the design was as shown in Table 6 . The experiment included 48 treatments. 250 X-chromosomes were to be tested for lethality in each treatment. (i) Methods.-All matings in every generation of the testing were done on fortified medium. In every treatment, flies were mated in each of three bottles of fortified formaldehyde medium. Two males and four females were used in all wildtype matings. The initial ebony and wild-type matings were terminated after 48 hr. For example, six pairs of ebony flies were mated in each of three bottles for 48 hr.
Four days after this mating was terminated, two male and four female + flies were mated for 48 hr. This treatment was then six pairs of ebony flies providing a certain preworking intensity and 6 days preworking. The ell and + flies that emerged from each mating bottle were counted at I2-hr intervals up to and including the collection where sufficient + males for lethal testing had been obtained. + males were stored for 12 hr before mating to Muller-5 virgins. In this generation, for each treatment, three or four + males and at least six Muller-5 virgins were mated in each of 10 bottles.
These matings were terminated at the end of 4 days. The Fl generation was allowed to emerge for 3-4 days before the females were mated individually in vials. This meant that most females used were inseminated before being placed in vials. Vials were scored for lethality on the eleventh day after mating.
(ii) Results.-The number of + males that emerged each 12 hr was known so that the average developmental time for the tested males in each treatment was calculated. Total emergences from each of the three bottles per treatment had been obtained. A corrected total emergence for each treatment was calculated by weighting the emergence from each bottle by the number of tested + males obtained from that bottle. This was done to reduce variation in intensity of working between bottles of the one treatment. The results are shown in Table 7 . Results are presented for only 33 of the planned 48 treatments. The remaining treatments were dropped during the course of the experiment because the author was unable to carry out the required number of matings. The results show that formaldehyde retained its mutagenicity for more than 24 hr, that the mutagenicity decreased gradually with increased time of working, and that the length of the mutagenic period appeared to depend on the initial concentration of formaldehyde. Within formaldehyde concentrations,· the mutagenic response was not significantly affected by different intensities of preworking. Thus the lethal mutation frequency data may be regrouped as shown in Table 8 . The data for the three "missing plots" were fitted by regression analysis. The results show distinct differences in mutation frequency between concentrations over the range tested. With increased time of preworking, the mutation frequency decreased. Interactions are suggested by a change in this trend to increased response on the sixth, eighth, and tenth days respectively for increasing concentrations. This could be quite spurious, but the fact that it occurred later with increasing concentration indicates some release of formaldehyde or a mutagenic derivative after some working of the medium, or that changes in the constitution of the medium, known to take place as the yeast grows (Sang 1949b) , may have interacted with the formaldehyde to increase mutation rates. Differences in lethal mutation frequency between concentrations were significant and linear. Differences between days of preworking were significant and linear, with a regression coefficient (b) of -0·983, where b is change in angle response per day of preworking. The results and the fitted regression lines are shown in Figure 2 . The possible effect, noted above, of increased response after the sixth day of preworking was not shown by this analysis. Figure 2 clearly shows the relation between formaldehyde concentration and working of the medium in their effect on mutagenicity. Increased concentration did not alter the rate of change in the mutagenicity of the medium. Over the range tested, it caused the initial response to be higher, and with working, this mutagenicity took longer to decline to zero.
The ineffectiveness of intensity of working was unexpected. The number of emerging adults is not a good indication of the number of larvae originally present (Sang 1949a) . Therefore, from the emergence data, we were unable to estimate the actual numbers of larvae working the medium. However, increasing the number of etony pairs did result in larger emergences so that different working intensities were obtained. If more larvae work the medium for a certain time, it seems possible that there may be a more rapid decrease in the mutagenicity of that medium. The lethal mutation frequencies in Table 7 for 0·025 per cent. formaldehyde suggest some effect of intensity. Apparently, at higher concentrations, the numbers of larvae working the medium were insufficient to deplete the formaldehyde present. The ineffectiveness of the intensity of working suggests a further possibility. There is no evidence that the decreased mutagenicity of the medium with increased time of larval working is not just an effect of aging of the food. The rate of decrease would be dependent solely on the initial formaldehyde concentration. This possibility must be tested.
IV. DISCUSSION (a) Variation in Mutagenic Response with Mating Period
The negative regression of induced lethal mutation rate on mating period obtained in experiment 1 (Table 1) , with four mating periods each of 4 days duration, is similar to the regressions reported by Auerbach (1951b) with two mating periods of 5 days each, and by Auerbach and Moser (1953a) with three periods of 3 days each (Table 2) . Analysis of the results of experiment 3 (Table 4 ) revealed no significant regression over four periods of 2 days each. Plotting the results (see Fig. 3 ) suggests a quadratic regression curve with a maximum in the second mating period. The accurate detection of the mutagenic response pattern of sperm samples from sequential mating periods requires a finer partitioning of the mating period and the testing of larger chromosome numbers.
However, the fact that there is a difference in mutation frequency between sequential mating periods of the same tested males indicates that different batches of sperm have been subjected to different mutagenic conditions. There may be a stage (or stages) in spermatogenesis that is preferentially or exclusively sensitive to the mutagen. This sensitive stage hypothesis is supported by the data of Auerbach and Moser (1953a) , where delaying the exposure of larvae to the formaldehyde medium until later periods of development led to the occurrence of a maximum mutagenic response in the later mating periods. That is, sperm that had passed the sensitive Rtage early in larval development were not affected. (b ) Nature of the Sensitive Stage Adult males are not sensitive to formaldehyde supplied in the medium, even though it reaches the testis (Kaplan, unpublished data, quoted by Auerbach and Moser 1953a) . This means that the sensitive stage occurs in the larva or pupa. There is good evidence that natural mutation rate is proportional to the number of cell divisions rather than to absolute time (Haldane 1948) , indicating that errors in gene reproduction are restricted to a specific stage of the division cycle. It is possible that the chromosomes are sensitive at this stage for induced mutations as well as for natural mutations. This stage could occur when the nuclear membrane dissolves during prophase, presumably facilitating the penetration of the mutagen to the chromosomes. The absence of groups of allelic lethals from a male's sperm sample (Auerbach 1951a (Auerbach , 1951b means that the sensitive stage occurs late in spermatogenesis. It could be some stage of meiosis. This is supported by the absence of a mutagenic effect in female larvae. Meiosis occurs in the egg after it is laid (Demerec 1950) , and eggs have responded mutagenically to formaldehyde (Rapoport 1947; Auerbach 1952 ).
The germ-line sensitivity need not necessarily reside at the nucleus or chromosome level. It could be an effect of changes in the permeability of the cell membrane or cytoplasm of the germ line as spermatogenesis proceeds. This is suggested by Auerbach's work (1952 Auerbach's work ( , 1953 where injections of aqueous solutions of formaldehyde into the abdominal cavity of the adult male induced mutations, most of which traced back to mature sperm. Yet adult males fed on formaldehyde gave no mutagenic response in their sperm, even though the formaldehyde penetrated to the testis (see above). Therefore, there may be differences in penetration to the chromosomes, which may depend on concentration. Injected formaldehyde may be expected to be at a higher concentration amund the gonad cells than is ingested formaldehyde. A comparatively high formaldehyde concentration may be necessary before any can penetrate to the chromosomes in mature sperm. This resistance to penetration may increase as spermatogenesis proceeds.
It appears that germ-line sensitivity is rather complex and that there may be more than one stage of sensitivity in spermatogenesis. The stage of maximum penetration could be controlled by· an interaction between two or more sensitive stages at different sites (e.g. cell membrane permeability and nuclear membrane permeability). As the time of sensitivity at each site need not necessarily be correlated, maximum penetration of the mutagen would occur where the times of sensitivity for each site had their maximum overlap during spermatogenesis. If the sensitive stages occurred at .the same site, e.g. at the nuclear membrane, the pattern of mutagenic response could have as many maxima as there are sensitive stages.
(c) Factors Affecting the Quantity or Activity of the Mutagen Reaching Sperm
Chromosomes During a Sensitive Stage The existence of a sensitive stage alone is insufficient to account for the variation in mutagenic response obtained in experiment 1, for all sperm would pass through a sensitive stage or stages and therefore should have equal opportunities to be affected by the mutagen. However, as spermatogenesis proceeds throughout the life of the fly, . the sensitive stage or stages would be expected to occur at different developmental periods for different sperm. Sperm used first are presumably those which mature first. If this is so, sperm tested in the first mating period had their sensitive stage or stages earlier than sperm tested in the second mating period and so on. The following factors are proposed to explain the absence of a mutagenic response from sperm tested in the later mating periods:
(i) Only larvae ingested the formaldehyde medium, as adults were removed from the medium within 12 hr of emergence. Further it is unlikely that an active substance like formaldehyde would remain unmetabolized. If so, when the larvae cease feeding in order to pupate, formaldehyde or its mutagenic derivative would soon be removed or broken down, so that only those sperm which were sensitive during the larval stage would be affected by the mutagen.
(ii) As the medium ages and is worked by the larvae, its mutagenic efficiency decreases (see experiment 4). Thus as the larvae age, they ingest less mutagenic substance. Sperm that pass through a sensitive stage late in larval life would be exposed to less mutagen than sperm that matured earlier ..
(iii) Elimination or detoxication mechanisms may develop as a direct response to the presence of formaldehyde. This hypothesis is suggested by the results of Auerbach and Moser (1953a) . They took freshly-emerged, I-day, 2-day, and 3-day old larvae froIl). normal medium and placed them on formaldehyde medium to complete their development. They used formaldehyde concentrations of 0·18-0·25 per cent. (expressed as a percentage of the volume of water used in medium preparation). 0·18 per cent. is equivalent to 0·1 per cent. on the standard used here. Therefore, the Table 9 . In their experiment FF29 (Table 9) , the mutagenic response obtained in the second mating period for larvae placed on the formaldehyde medium on the second day of their larval life is almost double the response, for the same mating period, obtained from larvae placed on the formaldehyde media on the first day of their larval life. Also responses were obtained in the third and fourth mating periods for larvae transferred to the formaldehyde medium on the second, third, and fourth days of their life, whilst no response was obtained in these mating periods for those larvae which spent all their development in contact with the formaldehyde media. The fact that larvae exposed at later stages of their development showed higher responses in the later mating periods, even though they spend less time in contact with the mutagen, makes these increased responses all the more striking. However, comparing these different treatments of Auerbach and Moser, the decline in mutagenicity of the medium must be considered. For example, sperm sensitive during the fourth day of larval life would be subjected to a higher formaldehyde concentration in treatment 4 (see Table 9 ), than in treatment 1. The possible relation between formaldehyde concentration and penetration to· the chromosomes has been considered above.
There are other factors that could lead to variation between different batches of sperm in the quantity or activity of the mutagen reaching the chromosomes during a sperm's sensitive stage. Such factors are changes in the physiology of the fly as it develops from egg to adult leading to variations in the penetrability of the mutagen to the testis, variations in the length of the sensitive stage or stages, and changes in the relative positions in time of sensitive stages at different sites.
There is an explanation which does not involve the concept of a sensitive stage. This is that sperm bearing lethal mutations are selectively eliminated from the sperm sample, and so lead to a decreasing frequency of lethal mutations in later used sperm. This hypothesis fails to account for the OCCUri'ence of the maximum mutagenic response in later mating periods when larvae are exposed to the mutagen in their late development, and is contrary to all experience with X-irradiation. Muller (1945) and Auerbach (1949a) expect an increase in developmental time to increase the frequency of lethal mutations obtained, because of prolongation of the "sensitive period". Increased time of preworking (Table 7) is associated with a decrease in lethal mutation frequency and an increase in developmental time. This does not mean that increased developmental time causes lower mutation rates, but in this experiment the two are correlated.
(d) Effect of Developmental Time on Mutagenic Response
The results of experiment 3 (Table 4) show no significant difference in mutation frequency between series A and B. The mean difference in developmental time between the series was 2·4 days. It is possible that rate of spermatogenesis is largely independent of overall developmental rate.
(e) Effect of Larval Nutrition on Mutagenic Response
In experiment 2, 0·1 per cent. formaldehyde in unfortified media suppressed yeast growth, and no working of the medium by larvae was observed. In some of these cultures, mould developed from the tenth day after mating. After a further 10 days, flies started to emerge from the mould-contaminated bottles only. The failure of flies to emerge before the development of the mould was probably due to starvation, since growth of yeast cells was suppressed by the formaldehyde. Flies emerged in large numbers where dead yeast was supplied in quantities sufficient to support growth. 0·05 per cent. formaldehyde in unfortified medium was not at a concentration which suppressed yeast development completely, and working of the medium was observed. On 0·1 per cent. formaldehyde medium, the larvae apparently fed on fungus alone. In this group, there was no mutagenic response. This could be due to one of the following factors:
(i) The formaldehyde may have evaporated or been lost from the medium before larvae emerged onto it.
(ii) The mould did not absorb formaldehyde or its mutagenic derivative. (iii) The mould's metabolism converted formaldehyde to a non-mutagenic form. Handler, Bernheim, and Klein (1941) , Mackenzie and du Vigneaud (1949) , and Paretsky and Werkman (1950) , (all quoted in Engelsberg 1952) consider that the metabolism of some microorganisms has formaldehyde as an intermediary in the synthesis of glycine and sarcosine.
The fact that no mutations occurred on the unfortified 0·1 per cent. formaldehyde medium may be indicative of the mode of ingestion ofthe mutagen. If the larvae feed almost entirely on live moulds or yeast, perhaps little or no formaldehyde would be ingested. However, if other food constituents, such as dead cells, were included in their diet, some formaldehyde may be ingested with these other food constituents. When the medium is fortified with dead yeast and a high concentration of formaldehyde is used, the larvae eat dead cells only and thus probably ingest considerable quantities of formaldehyde so that high 'mutation rates result.
It appears that variations in the mutagenic response with different cultural conditions depend on the quantity of formaldehyde or its mutagenic derivative absorbed in the ingested food. Highest mutation rates were obtained on dead yeast fortified medium: probably because the larvae lived almost exclusively on dead material which probably carried a large amount of absorbed formaldehyde.
V. CONCLUSIONS (i) Formaldehyde-induced lethal mutation rate is the same per locus for both the X-and second chromosomes.
(ii) Dead yeast fortified formaldehyde medium is considerably more mutagenic than corresponding unfortified medium. The variation in mutagenic response with different cultural conditions is postulated to be a function of the quantity of formaldehyde or its mutagenic derivative absorbed in the ingested food.
(iii) Induced lethal mutation frequency increases with formaldehyde concentration.
(iv) Fortified formaldehyde medium retains its mutagenicity for some days under conditions of larval working, the actual period depending on the formaldehyde concentration.
(v) Intensity of larval working over the range investigated has no significant effect on the mutagenicity.
(vi) The negative regression of induced lethal mutations on mating period needs further investigation, using mating periods of 1 day or less and testing larger chromosome numbers.
(vii) The variation in mutagenic response obtained between different mating periods has been explained in terms of a stage (or stages) in spermatogenesis which is preferentially or exclusively sensitive to the action of formaldehyde, coupled with factors which vary the quantity or activity of mutagen reaching the chromosomes during a sensitive stage or both.
(viii) The expectation of Muller (1945) and Auerbach (1949a) that increased developmental time would increase mutation rate apparently is not realized.
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